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Gait control for four-legged walking robot using
four-coupled VDP equations
?Ryota SATOH (Muroran Inst. Tech.), Hidekazu KAJIWARA (Muroran Inst. Tech.)
Manabu AOYAGI (Muroran Inst. Tech.), and Naohiko HANAJIMA (Muroran Inst. Tech.)
Abstract : In our previous work, we proposed a walking pattern generation method of four-legged by using mutual
entrainment of four-coupled van der Pol(VDP) equations. Our method can control forward and turning motion of the robot
by the walking pattern used the periodic solutions of VDP equations which synchronize with arbitrary phase dierences. In
this study, we describe about the gait control system that the robot can avoid obstacles by walking pattern varied in response
to the environment of the robot.
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Fig. 1: In-phase synchronization pattern of four-coupled
VDP equations
????????????? VDP???????? Km
????????????????.Kf ????????
??????????????????????????
???????????????? 0????Kf = 0?
?????1?????????????????????
?????????????? 2)?Kf 6= 0??????
??????????????????????????
? 3)?
? (1)? VDP???????????Km = 5; Kf =
5; !0 = 2; " = 1????????????? x1(0) =
0:3; x2(0) = 0:2; x3(0) =  0:1; x4(0) =  0:5; _xi(0) =
0(i = 1  4) ???????????????? Fig.1
???. ???, ??????????????????
???
2.2 4?? VDP????????
???? 4?? VDP???????????????
??????????????????????????
?????????????. 4 ?? VDP ??????
?17?システムインテグレ?ション?????(SI2016)（2016?12?15?～17????） SY0012/16/0000 - 1549 ? 2016 SICE
- 1549 -
??????????Fig.2 ?????????????
?????? ij(i = 1  4; j = 1  4; i 6= j)????
???????????????.??????1????
?????????????.
xi   "(1  _x2i ) _xi + !20xi +Km
0@ 4X
j=1
Xji  Xij
1A
+Kf
0@3Xi1   4X
j=2
Xij
1A = 0
(i = 1  4??? xii = xi)
(2)
Xij = xi cosij   K
0
AGi
KAGi
_xi sinij (3)
ij =  ji (4)
41 = 2   12   23   34
(i = 1  4; j = 1  4; i 6= j) (5)
????KAGi; K 0AGi ? xi; _xi ???? 1??????
??????????????????????????
????????????????????????.
KAGi =
1
maxjxij ; K
0
AGi =
1
maxj _xij (i = 1  4) (6)
??3???????Xij ? xi ??? ij ??????
?????. Fig.2???? 12; 23; 34 ???????
??????????????? (4)(5)????????
???.
Fig.3??? t < 6s? 12 = 23 = 34 = 0???t  6
? 12 = 23 = 34 = =2??????????????
???????????????????? Fig.1???
???????????????? x1(0) = 0:3; x2(0) =
 0:3; x3(0) = 0:1; x4(0) =  0:2; _xi(0) = 0(i = 1  4)
??????????????????????????
????.
3. 4??????????????
??
?????2?????????? 4?????????
???????????????????. ??????
????? 4 ???????? Fig.4 ???. ?????
???????????? 2 ????????????
??????Fig.5 ?????? VDP ????????
????????????????. ? 1 ??????
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Fig. 8: Walking trajectory(Target position: left)
Fig. 9: VDP solutions and  during walking
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